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Introduction

Crucial aspect of program — ability to study gluons

Critical measurement: exclusive vector meson (VM) production in

scattering
Exclusive VM Production » Complete final state known
e+t A e+ A+ VM o Experimentally clean process

» Distribution of
momentum transfer e
(It]):

o Fourier conjugate to
impact parameter
o Reflects spatial profile

> Gluon imaging — study

onset of saturation
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Motivation

Measurements of the |t| distribution
encounter 2 primary challenges:

Limited resolution in
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Motivation

Measurements of the |t| distribution

encounter 2 primary challenges: O Limited resolution in

measuring |t|
Mainly momentum resolution

Overwhelming incoherent

/
o 107 of e
g E  ePICSimulation 25.10.2/3 Coherent g, MC
2 100 eAu - eAug + Coherent @ reco method L Scattered very far
% E ¢-KK = Incoherent ¢, MC
5- 10° B~ 10x100 GeV +  Incoherent @, reco method L backward — emerges at
3 w0l small angle
Wt T Tiny angular error — large
10 pT error
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Extracting |t|
To access |t|: need complete final state

! 2
<€ |t = (Pa — Pa)
e—>—&—<— A o Cannot measure Py
P AN o For heavy nuclei — stays within beam
A 4
A’ VM envelope

Use Conservation of 4-Momenta
| Pe+Pa=Pe+ Py +Pyu

Different Methods:

o |t|gase: [t| = (Pa— Pa)?

o Small error/inaccuracy has large effect on |t]
tlex: 1t = [pr(e)) + pr(VM)P

o Underestimates true t, valid only for small |t| and small Q2
o Method L: |t|co;y = (Pa — Pj‘}’“')2

> Only applies to coherent events
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New Method

Scattering Plane Production Plane Decay Plane

Nt s
P

Note: O0max — Wmax

o Measure |t| component along normal direction (7) of
electron scattering plane

o |t|5 unaffected by momentum resolution
o Eliminate momentum resolution contribution from e’

arXiv:2502.15596
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https://arxiv.org/abs/2502.15596

Projection Technique

Scattering Plane Production Plane Decay Plane

N
=

ST SO g

tlore = (Pa— PF™)? | |t] = (Puaa-+-Per—Pe)?

itls = [(Pvm+ Per — Pe) - A

i = (Pum-A)?

[tlproj = ([t]x [[as [t]2: [t]£)
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Wedge Cut

Want phase space where |t|; dominates
2D MC |t| Distribution

Get angle btw |t|; and |

t| = A2
A, = Ajsin(w)
— A, = A cos(w)

AX:M[GE\/ICJ
-1 AX
i Wmax = tan =
Ay

o Define Ay = /|t«| to be in X = A X P
direction (e’ direction)

o Cut wedge of angle wyax from

fi-direction (A, = \/W )
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doydlt] [nb/(GeVic)3]
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Small errors in minima = large

doldt [mb/(GeV/c)]]
>

T,
| Cony

00016008 0008
11(Geviey)

STAR arxiv: 1702.07705
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Need precise location of minima

» Smaller |b| determined by larger

t]
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https://arxiv.org/abs/1702.07705

What are we doing with this?



Gluon Saturation in Early Running of ePIC/EIC

Establishing the non-linear QCD regime is identified as one of most
critical EIC goals
» Diffractive cross-sections very sensitive to onset of non-linear
dynamics in QCD o o g(x, Q?)?
"An early measurement of coherent diffraction in e+A collisions at the EIC
would provide the first unambiguous evidence for gluon saturation” - YR

Species Energy (GeV) L"'“i';;’::‘)”yea’ Electron polarization |  p/A polarization
YEAR 1 e+Ruor e+Cu 10x 115 09 (Commisioning) NA
YEAR 2 :E 10x 130 son b3 LONG TS
YEAR3 e+p 10x 130 495-533 LONG TRANS and/or LONG
T R | ] e s o

o At HERA: diffractive events made up ~ 10-15% of the total e + p
cross-section
» Saturation models predict at EIC: more than 20% of the cross-section

will be diffractive
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Roadmap to Physics Impact Study

a coherent - no saturation

105 ¢ o incoherent - no saturation
~ Ee = coherent - saturation (bSat)
Q Generate Sartre non-saturated il * icohernt -t (6530

? fLdt=10/A Tb!
"a 1<Q%<10GeV2 x<0.01

files
Currently I've been working
with saturated simulations

O Compare the |t| distributions

L

dol® AU = &' AU DGt (nb/GeV?)

- 3 In(Kdecay)! <4 M
O Transform and compare UE S oae i
H H : : ) I P [
Spatlal distributions 10 505 0,04 0,06 0.08 0.1 042 0.14 0.16 018
1tl (GeV?)
01 ot —— ¢ bNonSat 01 —— ¢ bSat
r () ; N‘“\‘ rrrrr Woods-Saxon @ %, o Woods Saxon
g oo “/ \ g o008
£ oosf- WLH £ o006
= F f ! = E
3 0.04f = oo0sf
g E l,-fi g L
0.02] / 0.02}—
07 L _"H L L L 1 .
70 5 0 5 70 035

Toll and Ullrich arXiv:1211.3048
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https://arxiv.org/pdf/1211.3048

Need to get rid of incoherent
background



Incoherent Issues Solved

At collab meeting in Jan: Now:
o Expected more suppression at o Incoherent distribution as
low |t expected
5 ) w0 -
s E  ePIC Simulation 25.10.2/3 — Coherent ¢ MC g E  ePIC Simulation 25.10.2/3 —— Coherent ¢, MC
@ El e eAUp . \nf(t:ohoheremm no vetoes E 1P eAu - eAug = Incoherent ¢, MC
E 10 @ - KK :ng gPMD 5 E ¢-KK +  After e' selection
Z [ ]10x100Gev . After ZDC S 10°f 10x100 Gev After HFS==2
S 1wk After n cuts k<) = +  After kaons==2
cE ﬁ + After all vetoes 8 10 After mass
L F After ZDC+RP+OMD
100 2 et s
m;f ‘‘‘‘‘‘‘‘‘‘‘
1=
L
10 E L,=16f7%A Ly =16 0YA
ol b b b b b Lo bav o Loy el b b b b b b b bw
0 0.02 0.04 0.06 0.08 0.1 0.12 0.14 0.16 0.02 0.04 0.06 0.08 0.1 .1 0.14 0.16 0.18

018 02 X .2
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> Compare final |t| distributions where coherent reco is same as
incoherent
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Incoherent |t| Distributions

Method L Incoherent ¢ Projection Method Incoherent ¢
T E ePicSimulation 25.10.2/3 —— Coherent g, reco method L g E  ePIC Simulation 25.10.2/3 —— Coherent g recow _=r/12
> H AL Il AL max
8 eAu - eAUp = Incoherent g MC 8 1 eAu ~ eAup = Incoherent @ MC
=4 @ - K'K 3 @ - KK
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z 3 I
M g e A

Ly =16 YA
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Still only able to resolve first dip

Maci Kesler (KSU s Readiness WS



Removing the Incoherent Background

Statistically separate coherent from incoherent events

> Exploit decay pattern — determine fraction of coherently produced
VMs
o Utilize polarized e beams

o Polarized e can undergo a spin flip
o Tansfers polarization to ~*
> VM inherits polarization

)
¥2)
e‘l

_)$l
_—
ASS

Spin transfer through spin-0 Pomeron
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Spin-based Separation

Scattering Plane Production Plane Decay Plane

3
%

> Coherent events:
> e spin flips: clean spin transfer e — v* — VM
o Observed at HERA arXiv:0910.5831
VM's spin direction is fixed
> Project momentum of VM decay daughter onto VM spin direction —
decay shows a cos(2¢)) modulation
o Experimentally observed at STAR arxiv:2204.01625
o Incoherent events:
> e spin does not flip — spin transfer is lost
o VM spin direction random
Flat v distribution
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https://arxiv.org/abs/2204.01625

Why the Spin-Based Projection Method Works

counts

> Coherent events preserve the
spin correlation

> Incoherent events typically do
not

/l/)

> Momentum_space separation Coherent: cos(21y) modulation
fails at large |t counts

o Spin alignment survives
Pomeron spin-0: ensures e
polarization transferred to VM

o Decay pattern a direct tag of

(8

coherence Incoherent: flat distribution
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Extracting the Coherent |t| Distribution

For each |t| bin:

Total VM events in [¢| bin O Reconstruct VM
l O Compute 9 for each event.
Compute ¥ C = eIIeFtron spin-flip

L l J probability:

C > (cos(24 2
| ompute (cos(2¢)) | fcoh(’tD _ <COSE_‘ ¥))

feon = ({cos(21))/C Q Separate coherent and

- l J incoherent events
( B

Get Neon and Nine Neon(lt]) = feon(|t]) Neot([2])

Ninc(’tD — Ntot_Ncoh
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Solved outstanding incoherent issues
o Clear plan for phase Il
Objectives:
o Finish updating everything:
AN note, Github — Zenedo
» Statistically separate incoherent and coherent events
o Analyze saturation effects

» ML for deconvolution
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